Background: Alcohol abuse is known to be a leading risk factor for atraumatic osteonecrosis of the femoral head (ONFH), in which the suppression of osteogenesis plays a critical role. on osteonecrosis. Methods: by multi-lineage differentiation. Alkaline phosphatase (ALP) activity, RT-PCR, western blots, of alcohol-induced ONFH was established to investigate the protective role of cordycepin (micro-CT) were performed to observe ONFH. Apoptosis was assessed by TdT-mediated dUTP nick end labeling (TUNEL). Immunohistochemical staining was carried out to detect OCN and COL1. Results: of OCN and COL1 and calcium formation of hBMSCs. However, these inhibitory effects were attenuated by cordycepin co-treatment at concentrations of 1 and 10 µg/mL. Moreover, it was revealed that the osteo-protective effect of cordycepin was associated with modulation of the In vivo, by micro-CT, TUNEL and immunohistochemical staining of OCN and COL1, we found that cordycepin administration prevented alcohol-induced ONFH. Conclusion: Cordycepin treatment to enhance osteogenesis may be considered a potential therapeutic approach to prevent the development of alcohol-induced ONFH.
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Introduction
Epidemiologic studies indicate that long-term and high-dose consumption of alcohol is a leading risk factor of osteonecrosis of the femoral head (ONFH). Other causes include steroids, trauma and hyperlipidemia [1] [2] [3] [4] [5] . The exact physiological mechanisms underlying alcohol-induced ONFH remain unclear. The current study aimed to investigate a potential strategy to halt the progression of alcohol-induced ONFH.
Alcoholics showed characteristics of decreased bone synthesis, increased bone resorption and lower bone mineral density (BMD) [1, [6] [7] [8] . Animal studies also indicated decreased osteogenesis and bone volume after long-term alcohol consumption [9, 10] . Human bone mesenchymal stem cells (hBMSCs) are regarded as the main source of selfrenewal and regeneration of bone tissue [11] [12] [13] , whereas recent studies demonstrated that ethanol treatment could impair the osteogenic differentiation of hBMSCs [2, 14] . Meanwhile, suppressed osteogenic activity has been detected in ONFH patients [15] . Restoration of osteogenic potential could alleviate the progression of ONFH in animal experiments [16] . Hence, we mainly focused on the rescue of ethanol-induced anti-osteogenic effects to reduce the development of alcohol-induced ONFH.
Cordycepin is one of the major bioactive components of cordyceps militaris, a valued traditional Chinese medicine [17] . Cordycepin has a variety of biological functions, including study demonstrated the osteo-protective effects of cordycepin by enhancing the expression of osteogenesis-related genes in BMSCs [20] . Currently, there is no report regarding the application of cordycepin to alcohol-induced ONFH. We hypothesized that cordycepin might exert protective effects against alcohol-induced ONFH.
the determination of osteogenic differentiation, proliferation and migration. Activation of canonical Wnt signaling leads to enhanced bone mineral density, whereas disruption of its activation impairs osteogenesis. Previous studies indicated that ethanol inhibited osteogenic differentiation and unregulated the adipogenic differentiation of BMSCs partly in vivo experiments, we established an alcohol-induced ONFH model with the Lieber-DeCarli liquid diet. This rat model is a well-known experimental model for investigating the pathological process and intervening strategies of alcohol-induced ONFH [22] . In vitro, a plethora of assays were employed to reveal that ethanol-induced anti-osteogenic effects were alleviated by cordycepin in hBMSCs. Functional studies indicated that the ethanol-induced suppression ethanol in BMSCs, which contributes to the progression of alcohol-induced ONFH, while cordycepin may be considered a preservation strategy.
Materials and Methods
The isolation of hBMSCs hBMSCs were harvested from patients undergoing hip arthroplasty due to femoral neck fractures. The CO 2 to nine passages were used in all experiments. This study was approved by the Institutional Ethics Review Committee at Shanghai Sixth People's Hospital . All experiments on hBMSCs were performed according to approved guidelines and regulations. 
ALP activity
To measure ALP activity, 1×10 5 osteogenic differentiation. The osteogenic differentiation medium was refreshed every day. The ALP activity was measured at multiple time points (7 and 14 days) using a microplate test kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China)
RT-PCR
The gene expressions of BMP2 and OCN were measured using the qRT-PCR. Total mRNA was extracted using Trizol Reagent (Invitrogen). A reverse-transcription procedure was carried out using EasyScript One-
Western blotting
The proteins were obtained from hBMSCs using a cell lysis buffer supplemented with proteinase inhibitor. The amount of protein was measured using the BCA protein assay kit (Cell Signaling Technology, 
Animal grouping and treatment
Sprague-Dawley rats at 8-weeks of age were used for the animal model. All procedures were carried out with the approval of the Animal Research Committee at Shanghai Sixth People's Hospital. A total of 30 rats were randomly divided into three groups: (1) normal control (NC) group, (2) alcohol group (AL) group, and (3) alcohol + cordycepin group (AL+cordycepin) group. The rats in the AL group received an
In addition, rats in the AL+cordycepin group received the same ethanol-containing diet for 6 weeks while being co-treated with cordycepin (10 mg/kg/d) by intraperitoneal (i.p) injection [22, 23] . Control rats were fed with the Lieber-DeCarli diet without ethanol (the ethanol was substituted with maltodextrin, which provides the same amount of calories) for 6 weeks. All rats were allowed to adapt to the Lieber-DeCarli diet for one week prior to the start of experiment. All thirty rats had free access to the diets. Diets were prepared fresh daily.
Micro-CT scanning
All thirty left femoral heads were observed using micro-CT scanning. The micro-CT scanner was set
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heads. Images were captured with a LEICA DM 4000 microscope.
TUNEL
For TdT-mediated dUTP nick end labeling (TUNEL), three specimens from each group were of positive staining was analyzed with Image-Pro Plus Software.
Shanghai, China) primary antibodies for 2 hours at room temperature and then treated with a secondary antibody for 1 hour at room temperature. The 3, 30-diaminobenzidine (DAB) substrate was used to visualize the immune-reactivity. Images were acquired using a LEICA DM 4000 microscope and analyzed with ImagePro Plus Software. The mean density (IOD/area) was calculated and counted. 
Results

Multi-lineage differentiation of hBMSCs
The characteristics of the hBMSCs used in the following experiments were examined to determine their multi-lineage differentiation potential into osteogenic, chondrogenic, and adipogenic cells. Using the pel--drogenic differentiation (Fig.  1A) . The Alizarin red staining (ARS) revealed osteogenic differentiation (Fig. 1B) , whereas adipogenic differentiation was (Fig. 1C) .
Cordycepin alleviated the ethanol-induced inhibition on osteogenic differentiation of hBMSCs
Following treatment with ethanol and/or ethanol supplemented with different concentrations of cordycepin, ALP activity of hBMSCs was detected. Fig. 2A and Fig. 2B show that ethanol decreased the ALP activity at both 7 and 14 days, whereas supplementation p<0.05).
cordycepin ( Fig. 2A and Fig. 2B ). We further detected the expression of osteogenesis-related markers of hBMSCs treated with ethanol alone and ethanol supplemented with cordycepin. The results of RT-PCR showed that the gene expression (BMP2 and OCN) of hBMSCs was markedly decreased when treated with ethanol at 24 hours ( Fig. 2C and Fig. 2D, p<0.05 ).
the inhibition effect by ethanol on BMP2 gene expression (Fig. 2C, p<0 .05). The OCN gene ml (Fig. 2D, p<0.05) . The protein level of Runx2 was also detected. The results showed that 50 mM ethanol ml cordycepin obviously enhanced Runx2 expression (Fig. 2E) . To visualize the effect of with ethanol alone, while an obvious increase of both proteins was detected with additional increased after 5-day and 7-day incubation with ethanol compared to that in the control group (Fig. 2F , p each cordycepin-treated group and control group (Fig. 2F, p<0.05) . Finally, the result of ARS demonstrated that ethanol suppressed the osteogenic differentiation of hBMSCs. The cordycepin compared with that of other groups (Fig. 2H) . To probe into the underlying mechanism of protective effects of cordycepin, we carried p<0.05). by intraperitoneal injection of cordycepin or an equal volume of saline as control. Six weeks after corresponding treatment, micro-CT scanning was performed for evaluation . Seven of the 10 rats in the AL group showed visible signs of osteonecrosis, while only 2 of the 10 rats in the AL+ cordycepin group showed mild ONFH (Fig. 4A) . No rat was found with osteonecrosis in the NC group. p< 14.45, p p< 0.05 compared to the AL group).
diffuse empty lacunae present in bone trabeculae, surrounded by bone marrow cell necrosis [24] [25] [26] . After six weeks of corresponding treatment, the subchondral area of femoral heads in the AL group (7/10 rats) were found occupied by empty lacunae with surrounding bone changes were observed in the AL+ cordycepin group, while no apparent histopathological changes were found in the NC group throughout the study (Fig. 5A) . Those data supported our micro-CT results of the protective effect of cordycepin on alcohol-induced ONFH. Furthermore, apoptosis is regarded as one of the most crucial changes in the pathological process of ONFH [10, 27] . We carried out TUNEL staining of femoral head specimens to detect the remaining empty lacunae were observed in the trabecular bone of the AL group compared to that in the control (Fig. 5B) . We also noticed karyopyknosis and nuclear fragmentation (black triangles) in the marrow cavity, surrounded by bone marrow cell necrosis, which was typical of osteonecrotic lesions of the femoral head. However, these pathological changes p<0.05). All three groups of rats were healthy throughout
Alcohol-suppressing osteogenic activity was rescued by cordycepin in vivo
We performed histochemical staining of osteogenesis-related markers, including OCN and COL1, of specimens from rats' femoral heads. The results showed less OCN-and COL1-positive staining on subchondral trabeculae in the AL group compared with that in the NC (Fig. 6A-B) , whereas co-administration of cordycepin markedly increased the positive staining compared with that in the AL group (Fig. 6A-D) . These results were consistent with previous in vitro investigations, namely, that cordycepin played an osteo-protective role on ethanol-treated BMSCs. Taken together, our in vivo data demonstrated the enhancing effect of cordycepin on bone tissue regeneration and resistance to counteract ethanol's effect and thereby protect the femoral head against necrosis.
Discussion
ONFH is a common deteriorating complication that ultimately results in hip disability. Invasive surgery for ONFH includes hip replacement, core decompression and rotational osteotomy [28] [29] [30] [31] . The detailed pathogenic process of ONFH has not been well established. Alcohol has been demonstrated as one of the most important risk factors of atraumatic ONFH, apart from other risk factors including glucocorticoids, lipid metabolism disorders, have been made for the non-surgical treatment of ONFH to prevent the need for corrective time that cordycepin could reduce the ethanol-induced suppressive effect on hBMSCs and prevent the development of alcohol-induced ONFH in a rat model.
In the present study, we demonstrated that cordycepin reversed the inhibitory effects of ethanol on the osteogenic differentiation of hBMSCs and prevented the development of alcohol-induced ONFH in a rat model. Alcohol-induced ONFH was induced by a LieberDecarli alcohol-containing diet [24] . The in vivo results revealed that cordycepin reduced pathological changes including the decrease in subchondral trabecular bone, diffuse empty lacunae in trabeculae bone and surrounding bone marrow necrosis in typical alcohol-induced ONFH [24] . Current studies support that apoptosis is involved in the progression of ONFH [27, 35] . Data from the TUNEL assay showed the protective effects of cordycepin against the alcohol-induced pro-apoptosis in rat femoral heads. Previous studies suggested that decreased osteogenic activity in an animal body was closely related with the development of ONFH [36] [37] [38] . Therefore, using micro-CT analyses, we found that the bone mineral density and numbers of trabecular bones were decreased in the AL group but were reversed in the AL+cordycepin group. Immunohistochemical observation of OCN and COL1 staining further visualized that alcohol consumption decreased the osteogenic activity in femoral heads, while co-administration of cordycepin enhanced osteogenesis. In vitro, the results of ALP in vivo experiments, all rats were healthy and no changes in the body weight, appearance, and behavior of the rats were observed.
Cordycepin is the main effective component extracted from the traditional Chinese medicine cordyceps militaris. For many years, cordycepin has been applied for various medical purposes, including anti-oxidative stress [39] , enhancing bone mineral density [18] , preventing myocardial ischemia/reperfusion injury [40] , alleviating alcoholic hepatotoxicity [41] and protecting neurons against toxic agents [42] . However, whether cordycepin could study by Wang et al [43] . supported that treatment with cordycepin in BMSCs activated the and enhancing osteogenic differentiation. Recent studies support that the Wnt signaling pathway plays an important role in osteogenic differentiation and bone formation [44, 45] . Activation of canonical Wnt signaling results in higher bone density, whereas disruption of its activation impairs osteogenesis [46] . Wnt signaling pathway contributes to osteogenesis signaling pathway might be involved in osteo-protective effect of cordycepin on ethanolthe Runx2 level, which is the main transcription factor of osteogenic differentiation. These suppression of osteogenic differentiation by ethanol in hBMSCs, which is re-activated by cordycepin.
In addition, cordycepin appears to be a safe reagent. All rats were in good health in between groups throughout the study.
Conclusion
In conclusion, our study demonstrated the protective effect of cordycepin against alcohol-induced ONFH both in vitro and in vivo. Cordycepin exerts this protective effect catenin pathway. Therefore, cordycepin may serve as a valuable therapeutic strategy for alcohol-induced ONFH in humans.
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